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, | The US Electricity Markets
AAround 60% of the US electric power supply is managed through competiiats

AThere are seven different market regions in the US

AExcept for ERCOT, following FERC ORDER 755, the frequency regulation market in other
is pay for performance |




AFrom an economic perspective, in a market area an energwgsteay€eESHE
only as valuable as the revenue stream its able to generate ‘

. | Introduction and Motivation

Almportant to determine hoBSS can generate revenue in the different US mi
areas

AMain Objective - determine how ES§stems cagenerate revenue from:
AArbitrage (participation in the electricity market)

AProvidingfrequency regulatigakey ancillary serviges ‘
/Other Obijectives:
Aldentifydifferences in revenue from ttigferent USmarkets
Aldentify temporal trends and determine if they are common acnosskats |
Aldentifydifferences isensitivitigfsrevenue with respect to the different ES ‘
parameters for all the seven markets



. | Introduction and Motivation

How di d this project meet the DOE

APerforming this research lowers barriers to energy storage deployments w
helps ensure a resilient, reliable and flexible electricity system. Thérrdalﬂsarci
project identifleepportunities for energy storage and provides open source
valuation tools tthe energy storage community .



Valuation of Energy Storage in the US Markets

AFirst step: download pricing data and market operation information for all the US markets

/ARevenue maximization formulated as an optimization problem ‘

Example for PIM:
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Objective functiody, ~ Max

data
State of energy Si41 = NsSi+T(Neq; —q; +1c0;°q; *—0;"q;"*) VieT |
Subject to constraints
Assumptions:
APrices are known in advance (perfect forecast) |
ADay-ahead market J
/Results are hence a best scenario calculation but they are important because they provid

bound (which can be used to score more realistic trading strategies)



. | Valuation of Energy Storage in the US Markets

Perform an analysis of revenue maximization for all US markets

ATime interval of analysis: January 2014 to June 2019 (5 and a half years). Analysis was d
monthly basis (hourly resolution of dimtay ahead markget

Msed an oOaveraged6 (or representative non
/Regulation pricestendtobeardade so no oOaveraged node

AThe same parameters for the energy storage device were used

Parameter value |

Energy Capacity 20MWh
Power Rating 20MW
Self-discharge Efficiency 0.98
Round Trip Efficiency 0.95

Aln addition, the performance score is set to 0.95



Revenue [in thousands of $]

Revenue [in thousands of §]

, ‘ Revenue of Energ$torage in the US Markets
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|
s | Revenue of Energy Storage in the US Markets |

ARevenue ratio: the ratio of revenue generated from arbitrage and arbitrage plus frequency
regulation.

AConsistently, for all the markets and for all the time period considered, arbitrage + freq. re
generates more revenue than arbitrage onfNESAhd PJM are the markets that present highe
ratios while CAISO present the lowest ratios |
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. | How Sensitive are the Results?

AFor every market the sensitivity of the results to the parameters of the energy storage dev
computed

AFor example, the NY1SO a&dPPsensitivities to the roustdp efficiency parameters are shown
below:

NYISO SPP



